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Abstract:
 
Polymer
 
6,
 
([trans-Pt(PBu3)2(C≡C)2]-[Ir(dFMeppy)2(N^N)](PF6))n,
 
(([Pt]-
[Ir](PF6))n;
 
N^N
 
=
 5,5’-disubstituted-2,2’-bipyridyl; dFMeppy = 2-(2,4-difluoro-
phenyl)-5-methylpyridine) has been prepared along with model compounds. These 
complexes were investigated by absorption and emission spectroscopy and their 
photophysical and electrochemical properties were measured and compared with their 
corresponding non-fluorinated complexes. Density functional theory (DFT) and time-
dependent DFT computations corroborate
 
the
 
nature
 
of the
 
excited state as
 
being
 
a 
hybrid between the
 
metal-to-ligand charge transfer (
1,3
MLCT) for the trans-
Pt(PBu3)2(C≡CAr)2 unit,
 
[Pt] and the metal-to-ligand/ligand-to-ligand’ charge transfer 
(
1,3ML’CT/LL’CT) for [Ir] with L = 
dFMeppy. Overall, the fluorination of the 
phenylpyridine group expectedly does not 
change the nature of the excited state but 
desirably induces a small blue shift of the 
absorption and emission bands along a 
slight decrease in emission quantum yields 
and lifetimes.   
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Introduction. The ortho-metallated motif [Ir(ppy)2(N^N)]
+
 (ppyH = 2-phenyl-
pyridine; N^N = neutral diimine ligand), [Ir], remains a chromophore of choice for 
electro-luminescence applications, notably for organic light emitting diodes (OLEDs), 
light-emitting electrochemical cells (LEECs).
[1,2] 
Indeed, literature
 
designs are notably 
rich in structure modifications vs properties of the materials. The use of this motif 
embedded inside
 
the
 
skeleton
 
of
 
an
 
organic
 
conjugated
 
polymer,
 
dendrimer or utilized 
as a pendant group, instead of the common complex dopant into an organic polymer, 
showed a clear interest in the past decade.
[3]
 In the field of conjugated organometallic 
polymer, we recently reported polymer 12 as a bimetallic design (Fig. 1).
[4] 
 
 
Figure 1. Syntheses of compounds 1-6 (yields in brackets) along with the structural 
comparison with their previously reported non-fluorinated homologues 7-12: i) 
CH2Cl2:CH3OH, 60 °C; (b) NH4PF6 (aq.) ii) CH2Cl2:CH3OH, 60 °C; (b) NH4PF6
 
(aq.) iii) 
CH2Cl2, iPr2NH, CuI. All counter anions are (PF6)‾. 
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exhibits similar photophysical traits as for the model compounds 8 and 11 making 
it
 
potentially
 
useful
 
for
 
photonic
 
applications.
 
One interesting
 
aspect in a fundamental 
point of view is the nature of its excited
 
state, which
 
turns out
 
to
 
be
 
a hybrid between 
the
 
metal-to-ligand
 
charge
 
transfer (
1,3
MLCT)
 
for
 
the trans-Pt(PBu3)2(C≡CAr)2 unit, 
[Pt] and the metal-to-ligand/ligand-to-ligand’ charge transfer (1,3ML’CT/LL’CT) for 
[Ir]
 
with
 
L = ppy.
[5-7] 
However, the linking of two or more conjugated units together 
almost systematically led to a red-shifting of the emission band. This common 
phenomenon is not necessarily desired for the design of blue emitting devices. 
Therefore
 
modulation of the photonic properties in such materials should benefit from 
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appropriate substitution. We now report the effect of fluorination of polymer 12, 
providing polymer 6. The combination of the anticipated strong blue shift of the 
absorption and emission bands due to fluorination, and the red-shift due to 
conjugation with [Pt] along the polymer backbone, leads to a small blue shift (only 
~10 nm) of the spectral features, hence providing the desired effect. 
Results and Discussion. The model
 
complexes
 
1-5
 
and polymer 6 were synthesized in 
reasonable yields from dimer
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[(dFMeppy)2Ir--Cl]2 following procedures used for 
the corresponding non-fluorinated derivatives.
[4-7] 
Their
 
syntheses and characterization 
are placed in the Experimental Section (SI). The absorption and emission spectra of 3-
6 exhibit the characteristic signature expected for the [Ir] motif (Figure 2).
[4-8]
 The 
spectroscopic and
 
photophysical data of 1-6 are compared to those for 7-12 in Table 1.  
Table 1. Comparison of the spectral and photophysical data of 1-6 vs 7-12.
a,b
 
 
 Abs. (nm) 298 K 
[ (x104 M-1cm-1)] 
max(nm)
77 K 
max(nm)
298 K 
e 
(%) 
e (s) 
77K 
e (s) 
298K 
1 250 [5.2]; 265 [5.2]; 315 [3.1]; 330 [2.4]; 365 
[0.8]; 425 [0.1] 
490 561 5.8 4.46 0.51 
2 255 [3.8]; 265 [3.6]; 290 [3.0]; 315 [2.5]; 330 
[2.5]; 345 [2.6]; 385 [0.4]; 450 [0.1] 
523 575 2.5 4.40 0.13 
3 255 [5.8]; 310 [3.2]; 395 [2.4] 556 614 11.4 14.3 4.57 
4 250 [6.3]; 265 [4.2]; 310 [3.4], 350 [2.4], 400 
[4.8] 
544 567 11.6 10.4 2.51 
5 255 [5.6]; 310 [3.3]; 350 [2.1]; 425 [3.8]; 450 
[3.9] 
593 632 1.9 6.11 1.93 
6 250 [3.9]; 260 [3.2]; 315 [1.2], 415 [1.2], 485 
[0.1] 
547 
592 
640 
 
628 
1.0 4.81 
 
4.22 
0.8 
7 265 [2.3]; 310 [1.0]; 325 [0.9]; 380 [0.2]; 450 
[0.1] 
536 623 8.5 4.12 0.16 
8 250 [4.2]; 280 [3.3]; 315 [2.3]; 370 [0.8] 558 638 1.6 2.65 0.09 
9 260 [3.7]; 315 [2.0]; 390 [1.9] 557 611 8.3 3.4 0.72 
10 260 [6.8]; 300 [4.1]; 350 [4.0]; 370 [4.0], 460 
[0.2] 
547 595 31.9 11 2.9 
11 255 [9.8]; 315 [5.1]; 415 [7.9]; 435 [9.1] 550 
595 
651 
560 
613 
663 
3.3 5.9 2.3 
12 250 [0.3]; 280 [0.2]; 340 [0.1]; 435 [0.2] 558 
596 
654 
555 
617 
655 
2.6 5.7 
 
3.3 
2.5 
 
1.9 

a) The data for 7-12 are from references [4-6] and for 1 from reference [7].b) The 
uncertainties on max = ± 2 nm, on e = 10 %, and on e ≈ 5 %. For 6, 11 and 12, the 
e’s were measured at one, two or three different wavelengths. 
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Figure 2. Left: absorption (black ─) and emission (grey ─, 77; black ---, 298 K) of 3-
6 in 2MeTHF at 298 K. Right: cyclic voltammograms of 3-6 in degassed ACN at 298 
K. Scan rate = 200 mV/s with 0.1 M n-Bu4NPF6 as the supporting electrolyte. All 
waves are associated with [Ir] except those labelled [Pt] (i.e. trans-Pt(PBu3)2(aryl)2). 
Spectroscopically, two main observations are striking (Table 1). First, a significant 
blue shift of the absorption and emission bands is noted upon fluorination
 
of the 
complexes when comparing 1 vs 7 and 2 vs 8. This behavior is fully consistent
 
with 
the
 ML’CT/LL’CT nature of the excited states where the F-atom is withdrawing 
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electronic density on the ppy ligand. Second, this blue shift is smaller for the 
polymers (6 vs 12).
 
This
 
attenuation
 
of
 
F-inductive effect is explained
 
by the hybrid 
nature
 
of
 
the
 
excited state between
 
the
 C≡C-linked [Pt] and [Ir] units that contributes to 
spread the electron withdrawing pull over a larger segment of the polymer. In a 
photophysical point
 
of
 
view,
 
the
 e
 
and e
 
data
 
for 1-6
 
are
 
similar or at least in the same 
order of magnitude as those for 7-12. However, these parameters are globally smaller 
for the
 
1-6
 
compared to
 
7-12
 
(including polymer 6 vs 12) indicating
 
that
 
the
 
non-
radiative
 
rate
 
constant, knr,
 
is larger for the fluorinated species.  
 
Figure. 3. MO
 
drawings
 
of the frontier orbitals of the model 4 (left) and the HSOMO 
and LSOMO (right). The detail of the DFT and TDDFT calculations are in the SI. 
  
The nature of
 
the S1/T1 excited states was corroborated by
 
DFT
 
calculations
 
(Figure 3). 
Indeed for model 4, the HOMO is composed of the -system centered on the [Pt] unit 
with minor atomic contributions of the bipyridine fragments (bpy). The
 
HOMO-1
 
and
 
-2
 
are
 
composed
 
of atomic components of the dFMeppy -systems with a minor 
contribution of the central [Pt] unit. The LUMO and LUMO+1 exhibit contributions
 
from the N^N -systems, with a minor atomic component located on [Pt]. The 
TDDFT computations for 4 predict that the two lowest energy singlet-singlet 
electronic transitions are placed at 465.8 (f = 0.0188) and 463.5 nm (f = 0.003) with 
weak oscillator strengths (f). The positions of these 0-0 peaks corroborate well with 
the experimental spectrum where a weak tail extends all the way to 465 nm
 
(Figure 2).
 
These
 
two
 
transitions
 
are
 
respectively composed
 
of
 
HOMO-1→LUMO (45%), HOMO-
1→LUMO+1 (35%), HOMO→LUMO (12%) and HOMO-2→LUMO (67%), HOMO-
2→LUMO+1 (31%), hence confirming the hybrid nature of the singlet excited states 
discussed above.
 
The calculated
 
difference in total energy between the S0 and T1 states 
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is 2.377 eV, which places the triplet state at 522 nm. This value compares favorably to 
the one observed at 77 K (i.e. 544 for 4 and 547 nm for 6). The computed highest and 
lowest semi-occupied MO’s (respectively HSOMO and LSOMO) exhibit atomic 
contributions mostly located in the N^N and dFMeppy -systems, respectively, 
inferring that the nature of the excited state is (ML’CT/LL’CT) of the [Ir] 
chromophore. Overall, these computations indicate that presented substitution pattern 
expectedly does not affect the nature of the S1 and T1 states for this type of 
chromophore, i.e. ([Ir]-[Pt]
+
)n. 
The cyclic voltammograms, CV, of 3-6 are presented in Figure 2 and the peak 
positions
 
are
 
placed
 
in
 
Table
 
2
 
(when
 
both
 
cathodic
 
and
 
anodic
 
waves
 
are observable, 
only the averaged
 
peak
 
positions
 
are
 
reported
 
in
 
this table for simplicity).
 
The 
assignment for each waves indicated in the figure caption is based on previous CV 
analysis for 1 (and its dimer) and trans-C6H5C≡C-PtL2-C≡CC6H5 and its derivatives 
(L = phosphine).
[7,9]
 The fact that
 
E½red(1)
 
<
 
E½red(7)
 
and
 
E½ox(1)
 
>
 
E½ox(7)
 
is consistent
 
with
 
the
 
expected withdrawing
 
effect
 
of
 
the
 
fluorine
 
atoms.
 
When
 
one
 
electron
 
rich
 
[Pt]
 
unit
 
is
 
conjugated
 
to
 
the
 
[Ir] one, this
 
effect
 
is
 
almost completely cancelled (E½red(3) ~ 
E½red(9)
 
and
 
E½ox(3) ~ E½ox(9)), which is exactly the effect sought. However, the peak 
positions are dependent upon the relative number of [Pt] and [Ir] units for the short 
oligomers. Indeed, E½red(4) < E½red(10) and E½ox(4) > E½ox(10) (one [Pt] for two [Ir]) 
again witnessing the withdrawing effect for the fluorine, and E½red(5) > E½red(11) and 
E½ox(5) < E½ox(11) (two [Pt] for one [Ir]), which is consistent with the donating 
ability of the conjugated rich [Pt] unit. Based on these models,
 
one readily suspects 
that for polymers wherein the number of
 
[Pt]
 
and
 
[Ir]
 
units being about the same, an 
approximate cancellation of the withdrawing and donating effects should be observed. 
This is in fact not the case. In comparison with the short oligomers, both polymers 
turned out to be both easier to oxidize and to reduce (i.e. lower positive and negative 
potentials). This property is fully consistent with the presence of an extended 
conjugation. However, the drawback is that all waves are either electrochemically 
irreversible or chemically irreversible making this sought analysis unreliable. Indeed, 
the data do not explain why polymer 6 is both harder to oxidize and to reduce than 
polymer 12, and why the potential difference between |E½ox| and |E½red|, E, is 
significantly smaller for 12 than for 6 and all the model complexes. 
7 
 
Table 2. Electrochemical data for 1, 3-6, 7, 9-12  
 
E½ox ΔE E½red  E½ox ΔE E½red 
1 1.58
a
 2.71 -1.13
a
 7 1.27
a
 2.48 -1.21
a
 
3 1.30
c
 2.60 -1.30
a
 9 1.34
a
 2.68 -1.34
a
 
 1.63
b
    1.60
a
   
4 1.47
c
 2.60 -1.13
c
 10 1.31
a
 2.67 -1.36
a
 
 1.63
b
  -1.33
c
     
5 1.24
c
 2.17 -0.93
a
 11 1.36
c
 2.71 -1.35
c
 
   ~
 
1.70
c
        
6 1.07
c
 1.84 -0.77
c
 12 0.71
c
 1.11 -0.40
c
 
   -1.05
c
  1.22
c
 - -0.77
c
 
   -1.35
c
  1.34
c
 - -0.93
b
 
 1.76
c
  -1.61
c
   - -1.29
b
 
All in V vs SCE,
 
the data for 1 are from reference [7] and for 7, 9-12 are from 
reference [6]; a = e.r. (electrochemically reversible), b = c.r. (chemically reversible), c 
= ir (irreversible), E = |E½ox|+|E½red|). 
Conclusion.
 
The
 
hybrid
 
nature
 
of the conjugated ([Ir]-[Pt]
+
)n polymers in their excited 
state contributes to modulate their desired electronic properties via simple inductive 
effects. Indeed, from an electronic and spectroscopic standpoint, the withdrawing pull 
of the fluorine atoms on the C^N ligands of [Ir] compensates for the red-shifting 
effect of the conjugated [Pt] unit within the chain on the absorption and emission 
bands of
 
the polymers was successful, i.e. within ~10 nm. Including the electron 
donating push of the [Pt] unit, these three individual effects (electron withdrawing 
and donating effects, along with conjugation) could be readily observed by cyclic 
voltammetry measurements using the model compounds in comparison with the 
polymers.
 
This strategy,
 
which
 
is
 
particularly
 
convenient, simple and predictable, 
appears as a reliable approach for the future design of conjugated [Ir]-containing 
polymers. 
Experimental Section: see Supporting Information (SI). 
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